M obility limitations are frequent in hospitalized frail older individuals, with approximately 75% of these individuals being unable to walk or ambulating with a very low gait speed of ≤ 0.6 m/s (1, 2) . These mobility limitations and the ensuing physical inactivity can increase the risk of mortality and functional decline in the hospital and after discharge (1, 3) . Feasible, valid and reliable instruments to measure mobility are a prerequisite to monitor rehabilitative interventions and to accurately track recovery from illness.
The International Classification of Functioning, Disability and Health (ICF) (4) defines "mobility" as "moving by changing body position or location or by transferring from one place to another, by carrying, moving or manipulating objects, by walking, running or climbing, and by using various forms of transportation". Two systematic reviews (5, 6) have identified significant limitations of existing measurement tools of older patient's mobility, mainly due to large floor effects (Timed Up and Go test (TUG), gait speed) as many older patients are not able to stand and walk. The Hierarchical Assessment of Balance and Mobility (HABAM) (7) (8) (9) has been reported to be the instrument with the most desirable measurement properties (5) .
The HABAM is a performance-based clinical bedside test, specially developed for use in older medical patients (7, 10) . It includes the 3 sub-categories balance, transfers and mobility. The patient's mobility level is rated on a hierarchical scale of 22 items in the latest Rasch-refined HABAM version (8) . It has sufficient face validity (5, 11) and can be administered within 2.6 (± 1) min (11) without special equipment. However, in an older acute medical population, the HABAM has a ceiling effect, as approximately 25% of patients scored the maximum possible score at hospital admission (8, 12) .
In 2008, the de Morton Mobility Index (DEMMI) was developed, based on the Rasch model, to overcome the limitations of existing measurement instruments of mobility in older people (13) . The scale consists of 15 items that cover the broad mobility spectrum from bed-bound to high challenging balance abilities. The test can usually be administered in < 10 min without additional equipment (13, 14) . No floor or ceiling effects have been reported for its use in inpatient geriatric populations (13) (14) (15) .
The HABAM and DEMMI are commonly used tools that may accurately measure mobility and facilitate the proposition of healthcare services in older medical patients. German translations and cross-cultural adaptions of both scales have been performed recently (14, 16) . A comprehensive evaluation of the psychometric properties has been conducted for the German language DEMMI version in sub-acute geriatric rehabilita-tion only (17) . A comparative psychometric analysis could help clinicians and researchers to decide which instrument to use.
The aim of this study was to analyse the measurement properties of the DEMMI and the HABAM in an older acute medical inpatient population in a headto-head comparison. In particular, this study aimed to determine the construct validity, test-retest reliability, measurement error and adequacy of scale width.
METHODS

Design and setting
This cross-sectional study examined the measurement properties of the DEMMI and HABAM in a consecutive sample of older acute medical patients in a geriatric hospital in Bochum, Germany. The study was approved by the Ethical Review board of the German Confederation of Physiotherapy (registration number: 2014-05) and a priori registered in the German Clinical Trials Register (DRKS00006231). All included participants provided written informed consent. The study used a follow-up measure to analyse responsiveness and aspects of interpretability, which will be reported in a future paper. In deviation from the registered protocol, inter-rater reliability was not assessed due to organizational constraints.
Participants
All inpatients admitted to one of the acute geriatric wards of the hospital aged ≥ 60 years were eligible. Screening was performed over a period of 106 days during 2 recruitment phases between October 2014 and April 2015. Exclusion criteria were: blindness, deafness, severe dysphasia, language barriers, documented contra-indications for mobilization, physiciandirected partial weight-bearing of the lower extremity, isolation for infection, impending death, coma or severely impaired vigilance, acute major organ failure or any acute psychiatric or medical/physical condition whereby mobility measurements could lead to a worsening of health state. Patients diagnosed with dementia (according to the medical chart) or an evident cognitive impairment (scored positive on Mini-Cog test (18)) were excluded.
Procedures
Validity sample. Participants were assessed by a physiotherapist within the first 5 days after admission. The physiotherapist had basic work experience (young professional with 6 months of practical training in geriatric care) and was trained by clinical experts for a total of 6 h in use of the measurement instruments. In a single session, the DEMMI and HABAM were performed along with a comprehensive set of outcome measures. The test order was standardized, starting with the least physically challenging tests.
Reliability sample. To assess test-retest reliability, the DEMMI and HABAM were repeated by the same assessor in a sub-sample 1-6 h after the initial assessment in the same environment. Before the second test, participants were asked whether they had felt or experienced a change in their physical or mental condition (e.g. fatigue, pain, dizziness), and excluded if the answer was "yes". For organizational reasons, recruitment for the reliability sample started after approximately 50% (n = 77) of the target sample size was reached.
Measurements
All assessments were performed in the patient's hospital room and on the ward. Patients were scored at their highest level of safe function, using their usual walking aid. The same device was used for all assessments in a single session. Similar items in different assessments were only performed once, in order to reduce participant's burden, e.g. standing with both feet together, which is required in the DEMMI and the Performance Oriented Mobility Assessment (POMA). For participants requiring some kind of physical assistance during ambulation (Functional Ambulation Categories (FAC) score ≤ 2), the walking tests were scored as "unable" (TUG, gait speed, 2-minute walk test) or "0 points" (POMA gait subscale), respectively.
The DEMMI is a bedside assessment, consisting of 15 hierarchical mobility items dealing with bed and chair mobility, ambulation, static and dynamic balance (13) . The items are rated as 2-or 3-point response options. The ordinal raw score (0-19 points) can be transformed into the interval-level DEMMI score (0-100 points). Higher scores indicate better mobility. A German language version was used (14, 17) .
The HABAM is a clinical bedside and interval-level mobility assessment that quantifies functional abilities in the sub-categories balance, transfers and ambulation (8) . Higher scores indicate greater ability (0-26 points). A validated German HABAM translation was used (16) .
The POMA is a well-established clinician-rated measure of mobility and fall risk (19) . The maximum ordinal score of 28 points indicates better mobility.
The Rivermead Mobility Index (RMI) (20) is a cumulative index containing 15 mobility items, spanning a range of disabilities from being bedridden to running. In this study, the survey period was shortened and subjected to the prior 3 days as a meaningful worsening of general condition was expected in the days before hospital admission. Higher scores indicate better mobility.
The clinician-completed Functional Ambulation Categories distinguish 6 levels of walking ability subjected to the amount of assistance required over a walking distance of 10 m (21). Lower scores, where physical assistance is needed, indicate poor mobility.
The 2-minute walk test (2minWT) can be used to quantify functional-exercise capacity and walking ability (22) . Subjects were asked to walk as far as possible within 2 min on the hospital corridor. Only 1 trial was performed, in order to avoid fatigue effects. For organizational reasons, no standardized walking track was used and the 2minWT was not performed until the first 50 patients had been assessed.
The Short Physical Performance Battery (SPPB) includes 3 objective tests of lower body function: a hierarchical test of standing balance, a 4-m walk test (4mWT) and 5 times chair rise test (5 × CRT) (23) . The SPPB has a scoring from 0 (unable) to 4 points for every sub-test, with a maximum of 12 points in total (ordinal scaled).
Habitual gait speed (in m/s) over a distance of 4 m was assessed as part of the SPPB. Timing was started when the participant began walking. The shorter time of 2 trials was used for analysis (24) .
For the 5 × CRT, participants were asked to stand up and sit down from a chair (standardized height: 46 cm) as fast as possible 5 times, with their hands crossed in front of their chest.
The TUG is a performance-based test that assesses basic mobility functions. The patient is asked to stand up from a chair (height 46 cm), walk 3 m, turn around, walk back and return to the chair (25) . In the present study, a cone had to be encircled. Participants chose the turning side. A familiarization trial was followed by one counted trial.
To assess self-rated mobility, a short ICF definition of mobility was given. Patients then rated their current level of mobility on a 5-point rating scale (very bad, bad, normal/moderate, good, very good; -2 to +2). Self-rated mobility scores were used to describe the sample only due to the uncertain validity of these scores.
The Mini Mental State Examination (MMSE 0-30 points) (26) is a global measure of cognitive functioning.
The Barthel Index (27) (BI; 0-100 points) is a measure of independence in the activities of daily living (ADL).
The MMSE and BI were recorded by the nursing and occupational therapy staff as part of routine care at another time than the DEMMI/HABAM. Thus, MMSE and BI were only used to describe the sample. In both scales, higher scores indicate better functioning.
Statistical analysis
Data were analysed using SPSS statistical software (SPSS 21.0 for Windows; IBM Corp.; Armonk, NY, USA). Interval-based data were examined for normal distribution with the ShapiroWilk test of normality and by visual inspection of the related histograms and P-P-plots. p < 0.05 indicated statistical significance.
Measurement properties
Construct validity. In the absence of a gold standard for mobility, construct validity was assessed by following the methodological approach of hypotheses testing (28, 29) . A target sample size of at least 100 was set according to the "COnsensus based Standards for the selection of health Measurement INstruments" (COSMIN) (30) .
Aspects of convergent and known-groups validity (other functional assessments and clinical information) were used to formulate 13 hypotheses (H1 to H13) (31) . All hypotheses were formulated a priori, based on existing literature and expertise of clinicians and the research team. One-tailed Spearman's rho analysis was applied because directions of the correlations were hypothesized a priori and all data were either ordinal or not normally distributed. For tests in which lower scores represent better functioning (TUG and 5 × CRT), a negative correlation was hypothesized. Expected strengths of correlations are reported unidirectionally to improve readability.
For each hypothesis on known-groups validity, we expected a statistically significant difference between the mean scores of both groups, respectively. A 1-sided Mann-Whitney U test for independent samples was used to compare groups as directional hypotheses were formulated a priori.
• H1-6: DEMMI/HABAM scores correlate strongly (> 0.7) with other broad measures of mobility (DEMMI/HABAM, RMI, POMA, FAC, SPPB, TUG) as reported by others (13, 17, 32 (34) ) that would need to be confirmed in order for a measurement instrument to be considered valid (29) . Along with others (35), we do not consider that the broad concept of construct validity can be judged "good" or "bad" according to an arbitrary threshold of confirmed hypotheses of varying importance. Instead, we leave it to the reader to decide the percentage of confirmed hypotheses she or he deems acceptable.
Reliability
Internal consistency reliability. Cronbach's alpha as an adequate measure of internal consistency in unidimensional scales (29) was derived solely from the baseline data of the validity sample for the DEMMI because of the larger sample size. A Cronbach's alpha between 0.7 and 0.95 was considered acceptable (29) . For the HABAM, an internal consistency reliability analysis could not be performed, as no item-level data was available due to the hierarchical structure.
Test-retest reliability. Test-retest reliability was examined using the intra-class correlation coefficient (ICC) model 2,1 (2-way random effects model; ICC AGREEMENT ) (31, 36) . Variance components were estimated using the VARCOMP tool in SPSS. An ICC of ≥ 0.7 or higher was deemed acceptable (29) . According to COSMIN, we required at least 30 participants (30) .
Agreement: Measurement error. The standard error of measurement (SEM AGREEMENT ) was calculated using the same variance components used for the ICC AGREEMENT calculation (31) .
Agreement: Bland and Altman plot. Bland and Altman plots with corresponding bar charts were used to illustrate agreement for the test-retest condition (37) . The 95% limits of agreement require homoscedasticity and normally distributed differences (38) . A positive Kendall's tau (τ) correlation between the absolute differences and the corresponding means (39) > 0.1 was deemed to denote heteroscedasticity. In case of heteroscedastic data, the following formula was used to calculate the limits of agreement:
, with a = 95% limits of agreement of the 10 log-transformed data and X the mean score (40 
RESULTS
A total of 158 acute medical patients were included in this study, 30 of whom were re-assessed for test-retest analysis (participant flow: Fig. 1 ). Validity sample participants had a mean age of 81 years, 68% were female, and 51% presented with a musculoskeletal disorder (validity and reliability sample characteristics: Table I ). Table II shows the mobility-related outcomes of the validity sample at hospital admission. The 2minWT was not applied in 50 (32%) participants, and there were 32 (30%) of 108 assessed participants who were not physically able to perform the 2minWT. There were further floor effects in some other tests as some participants could not perform the gait speed measure (n = 51; 32%), the 5 × CRT (n = 119; 75%) and the TUG (n = 58; 37%) due to insufficient balance, walking and sit-to-stand transfer abilities.
Distribution of scores
DEMMI baseline scores (n = 158) ranged from 0 to 85 out of 100 and were normally distributed (ShapiroWilk: W = 0.99; p = 0.08) (Fig. 2a) . HABAM baseline scores ranged from 0 to 26 points out of 26 and were not normally distributed (Shapiro-Wilk: W = 0.88; p < 0.001) (Fig. 2b) .
Construct validity
DEMMI and HABAM scores correlated with other mobility related outcomes, and differed between known clinical groups (Table II) . For each instrument, 11 out of 13 hypotheses (85%) could be confirmed.
Reliability
Internal consistency reliability. The Cronbach's alpha of the DEMMI was 0.87, which implies good internal consistency. For the HABAM, internal consistency reliability analysis could not be performed.
Test-retest reliability. Thirty participants (characteristics shown in Table I ) were asses- sed on a second occasion by the same assessor 3.5 (SD 1.5) (range 1-6) h after baseline assessment. For the DEMMI (p = 0.96) and the HABAM (p = 0.33) there were neither statistically significant mean test-retest differences, nor considerable variance due to systematic differences over time (Table III) . The ICC AGREEMENT of the DEMMI and HABAM of 0.98 and 0.99 indicated excellent test-retest reliability. Agreement: measurement error. The SEM AGREEMENT was 2.34 points for the DEMMI and 0.39 points for the HABAM. Agreement: Bland and Altman plot. DEMMI data showed heteroscedasticity (τ = 0.26). This finding was reflected by 95% limits of agreement becoming wider, meaning a higher variability between baseline and retest with increasing values. For any X, the limits of agreement were -0.09X -0.03 to +0.09X -0.03 (Fig. 3a) .
Data of 2 HABAM measures was homoscedastic (τ = -0.09), so that constant limits of agreement were -1.0 to 1.2 (Fig. 3b) .
Interpretability
Minimal detectable change. MDC values of the DEMMI were MDC 90 = 5.4 and MDC 95 = 6.5. As the 100-point DEMMI scale consists of whole numbers www.medicaljournals.se/jrm only, a DEMMI change must be at least 6 points to have 90% confidence that this change is beyond measurement error and at least 7 points to have 95% confidence.
MDC values of the HABAM were MDC 90 = 0.9 and MDC 95 = 1.1. As the 26-point HABAM scale consists of whole numbers only, a change score of 1 point gives 90% confidence that this is a "real" change, and a change score of 2 points produces 95% confidence. Floor and ceiling effects. Figs 2a and 2b, together with Table IV, illustrate that, subjected to the MDC 95 -ranges, for neither of both scales any absolute floor or ceiling effects occurred. 
DISCUSSION
This is the first study to examine the reliability and validity of the German language versions of the DEMMI and HABAM in an acute geriatric hospital setting. Both scales seem to be sufficiently and equally constructvalid and test-retest reliable. These results support the use of both the DEMMI and HABAM as measures of mobility in older acute medical patients. Our sample seems quite comparable to the patients analysed in the original DEMMI and HABAM studies (9, 12, 13) with respect to the HABAM score, age, and gender distribution, even though the DEMMI score was somehow lower than in the original validation study (44 (SD 16) vs 52 (SD 21) points) (12, 13) . This deviation might be explained by the different sample compositions (51% musculoskeletal, mostly fall-related acute conditions in the current study vs 38% cardio-respiratory principal diagnoses in the original validation study) (13) .
The point correlation between the DEMMI and HABAM, which are considered to be the most valid instruments of older people's mobility (5, 15) , was 0.87. This can be interpreted as a high correlation, indicating good construct-validity of both scales.
The lower than expected point correlations between DEMMI and HABAM scores and TUG scores (rho = -0.67 and rho = -0.60, respectively) as well as 5 × CRT times (rho = -0.46 and rho = -0.38) might be attributed to the lower sample size (TUG: n = 100 and 5 × CRT: n = 39). Studies comparing the HABAM to the TUG or 5 × CRT are lacking. Other authors found correlations between DEMMI and TUG of -0.48, -0.57 and -0.73 in sub-acute geriatric patients (41) , patients with Parkinson's disease (42) and older patients with knee or hip osteoarthritis (32), respectively. Jans et al. (32) reported a point correlation between the DEMMI and chair rise time of -0.63. Since the 95% CIs of the correlations found in our study include the expected point correlations, these falsified hypotheses do not raise major concerns. Besides, 85% of our hypotheses were confirmed, and according to the COSMIN recommendations (29) , this indicates sufficient construct-validity. Test-retest reliability (ICC AGREEMENT of 0.98 and 0.99) and internal consistency reliability (DEMMI only, Cronbach's alpha = 0.87) were excellent and comply with quality criteria proposed by COSMIN (29) . Others have found comparable, but slightly lower, intra-rater reliability (0.86-0.92) (43) . It is likely that participants were less stable in the de Morton et al. (43) study than in our study, since patients who fared "bit worse" or a "bit better" at discharge were still considered unchanged. Rockwood et al. (9) reported an ICC of 0.91 (95% CI 0.85-0.94) for the Rasch-refined HABAM version in 63 geriatric inpatients assessed within 2 hospital days by a geriatrician. The DEMMI and HABAM appear to produce stable results over a short period of time. However, this requires physiotherapists who are highly familiar with these instruments.
The MDC 90 values of 6 points (DEMMI) and 1 point (HABAM) found in the present study represent 6% of the DEMMI and approximately 4% of the HABAM scale width, respectively. This measurement error appears to be relatively small. Other authors have reported DEMMI MDC 90 scores of 8-10 points (13, 17, 41, 43) . An MDC of the Rasch refined HABAM has not been published. Again, the small measurement error might be to the inclusion and re-assessment only of stable patients over a very short period of time. Furthermore, the rater was extensively trained in the conduction of the measurement instruments and not blinded towards the results of the first assessment. However, we assume that the DEMMI and HABAM can produce reliable scores even by unexperienced raters if similarly comprehensive training procedures are followed.
As expected, and reported by others previously (5, 33) , measures that require the patient to stand, walk and transfer from sit to stand, showed significant floor effects. In 30% (2minWT) to 75% (5 × CRT), patients were not able to perform these tests at hospital admission. Compared with the TUG, gait speed, 5×CRT and 2minWT, which have limitations, the DEMMI and HABAM have a more inclusive scale width and showed neither floor nor ceiling effects. However, only the DEMMI scores showed a normal distribution, due to the broader scale width.
Study strengths and limitations
A strength of this study is the sufficiently large (30) validity sample size of 158 participants. The sample size of 30 participants for the test-retest part of the study can be judged as "fair" (28, 29) , and is in line with previous examinations (9, 13, 32) . The lower limit of the 95% CI of the ICC of the DEMMI and HABAM was higher than the recommended minimum standard of reliability (ICC ≥ 0.70) (29) .
Despite the large sample sizes and consecutive recruitment of multi-morbid participants with a wide spectrum of diseases, the external validity of this study might be limited, as data was collected in only one hospital. While participants might have become slightly fatigued during the assessment session, the test order was kept constant throughout the study so that this should have a limited impact on the current results. Furthermore, 199 participants with dementia (n = 107) or other cognitive impairment (n = 92) were excluded, which amounts to 40% of all inpatients admitted to the hospital during the recruitment period. The clinimetric properties of the DEMMI and HABAM in older acute medical patients with cognitive impairment remain unclear and should be evaluated in further studies.
In the absence of a gold standard, a comprehensive set of mobility reference assessments was used to assess construct validity based on multiple a priori hypotheses. This allowed us to take into account the broad spectrum of mobility covered by the DEMMI and HABAM. We considered these instruments sufficiently valid. RMI and FAC are usually applied in neurorehabilitation (20, 21) , but there are some arguments for the (construct) validity of these scales as measures of mobility in older acute medical patients. We included multi-component measures of walking and chair transfers, such as gait speed, TUG and 2minWT, because these instruments are frequently used in (German) geriatric rehabilitation. The expected floor effects, which confirm the limitations of these instruments (5, 14, 44) , might have biased the point correlations used for the construct-validity analysis.
The external validity of the test-retest reliability estimations might be limited to physiotherapists with a comparably basic work experience who are not blinded towards the results of the first assessment.
Following Stratford et al. (45) , the calculation of the MDC should rely on data of stable patients (longitudinal approach) (31, 45) . In clinical practice, it is unusual to have 1-6 h between assessments only, as patients are typically assessed every couple of days, or at hospital admission and discharge only. However, a more frequent mobility assessment has been proposed (3) to track illness and recovery of older patients in the acute hospital. Daily bedside observation of mobility by means of the HABAM allow for a more thorough assessment of acute changes in the health of older people (3) . Further research should also generate reliability data over a longer period of time, such as 18 days, which was the study participant's mean length of stay. It may be challenging to find stable patients, however, because changes in health and function become more likely with increasing periods of time.
The responsiveness to change, the minimal important change and a Rasch analysis have not been addressed in the current study. These analyses will be performed, as described in the registered study protocol, but will be reported in another paper. However, other studies (7, 8, 13) showed sufficient evidence for the DEMMI and the HABAM to be responsive and unidimensional measures of mobility in older acute medical patients.
Clinical implications
This study generates evidence that the German language versions of the DEMMI and HABAM have adequate measurement properties in acute older medical inpatients. Validity, reliability and MDC values are in good agreement with other studies. Thus, the habit of using single-component instruments, such as ambulation or lower limb strength, in acute geriatric care, which have large floor effects and measure only single aspects of mobility, should further be cautiously reconsidered. The DEMMI and HABAM operate without special equipment and produce results within 3-10 min. While the HABAM is less time-consuming, the DEMMI provides a more readily understandable score range (0-100 points). To the best of our knowledge, in this or a previous study, no minor or major adverse events have occurred during the performance of any assessment of DEMMI or HABAM, thus both instruments seem safe to administer (7) (8) (9) (10) (11) (13) (14) (15) . By simple observation of physical performance, both instruments identify changes in mobility over the whole clinical spectrum, which are relevant to the patient, therapist, and healthcare provider.
Conclusion
The DEMMI and HABAM appear to be almost equally suitable to measure mobility in older acute medical patients. Since only the DEMMI scores were normally distributed in this study, and ceiling effects have been reported for the HABAM in other studies (8, 12) , the DEMMI seems to have a slight advantage over the HABAM.
